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(54) Electrophotographic developer 

(57) The present invention provides an electropho- 
tographic developer comprising a magnetic carrier and 
a toner, wherein a certain voltage-dependent index Y of 
the developer and a number proportion X (%) of a certain 
non-charged toner in the total toner have a relation sat- 
isfying the following formula (3): 



Y > 3X/400 + 1 



(3). 



This developer can certainly prevent blur of the 
image, such as forward flow or backward flow, while 
maintaining a high image density. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a two-component electrophotographic developer comprising a magnetic carrier and 
a toner, which is used for image forming apparatuses such as electrostatic copying machine, laser beam printer, facsimile. 

In the above image forming apparatus, the surface of an uniformly charged photoconductor is firstly exposed to light 
to form an electrostatic latent image on the surface of the photoconductor. Then, a developer is brought into contact 
with the surface of this photoconductor using a developing apparatus. Thereby, a toner contained in the developer elec- 
trostatically adheres to the electrostatic latent image to visualize the electrostatic latent image to form a toner image. 
When this toner image is transferred on a paper from the surface of the photoconductor to fix it. an image corresponding 
to the electrostatic latent image is formed on the surface of the paper. 

As the developer, there can be normally used a two-component developer comprising a toner and a magnetic carrier 
circulating in a developing apparatus in the state where in the toner is adsorbed. The visualization of the electrostatic 
latent image due to the above two-component developer is normally referred to as a "magnetic brush developing method" 
and is a method comprising adhering magnetically a two-component developer on the surface of a developing sleeve 
of a developing apparatus, which is oppositely provided on the surface of the photoconductor, by a magnet built in the 
developing sleeve to form a magnetic brush, and then bringing this brush into contact with the surface of the photocon- 
ductor to electrostatically adhere the toner in the magnetic brush to the electrostatic latent image. 

As the two-component developer to be used for the magnetic brush developing method, those which are suitable 
for performances (particularly, image forming velocity) of the image forming apparatus to be used are preferred. For 
example, there have been widely used general-purpose developers which are designed so that they can form a high- 
density image having an image density of not less than 1 .35 in various kinds of machines of which image forming velocity 
is within a range of about 1 0 to 30 copies/minute (in a side size of J IS A4 paper) . 

However, the above general-purpose developer had a problem that blur arises around the solid image part of the 
formed image, particularly front or rear of the image forming direction (forward blur and backward blur are referred to as 
"forward flow" and "backward flow", respectively) due to a slight difference between systems of image forming appara- 
tuses to be used (e.g. slight difference in surface potential, or position of magnetic poles of the magnet in the developing 
sleeve). 

Blur such as forward flow or backward flow is generated when a part of the toner is scratched off by the magnetic 
brush from the toner image, which is the solid image part, formed on the surface of the photoconductor, thereby shifting 
to the position which is outside of the image. It depends upon the type of the magnetic brush developing method whether 
forward flow or backward flow is generated. 

That is, the magnetic brush developing method includes a type of moving the magnetic brush in the same direction 
as the moving direction of the surface of the photoconductor (forward direction type) and a type of moving in the reverse 
direction of the moving direction of the surface of the photoconductor (reverse direction type). Among them, in the forward 
direction type, the magnetic brush is moved faster than the photoconductor and, therefore, the toner is shifted in front 
of the toner image. As a result, forward flow is liable to be generated in the formed image. On the other hand, in the 
backward direction type, the toner is shifted in rear of the toner image when the photoconductor and magnetic brush 
pass each other. As a result, backward flow is liable to be generated in the formed image. 

In Japanese Unexamined Patent Publication No. 2-37366, there is disclosed a magnetic carrier wherein an specific 
resistance value at an electric charge strength of 1000 v/cm is set at a value higher than a conventional one, such as 5 
x 108 to 2 x 109 q • cm, in order to prevent the generation of backward flow in the reverse direction type magnetic brush 
developing method. 

Normally, the magnetic carrier and toner show a voltage dependence of the resistance value, that is, the higher the 
applied voltage, the lower the resistance value is. while the lower the applied voltage, the higher the resistance value is. 
Therefore, the toner is liable to adhere to the high potential part corresponding to the solid image part of the surface of 
the photoconductor, and adhere hardly to the part other than the above part. In addition, when the resistance value of 
the magnetic carrier in the state wherein the applied voltage is high is set at the slightly high value, as described above, 
the amount of the toner to be adhered to the high potential part corresponding to the solid image part of the surface of 
the photoconductor is inhibited. Therefore, the amount of the toner to be scratched off by the magnetic brush to shift to 
the position which is outside of the toner image is decreased, which results in inhibition of blur of the image such as 
backward flow. 

However, when using the above magnetic carrier to inhibit the amount of the toner to be adhered to the high potential 
part corresponding to the solid image part, the image density of the solid image part is necessarily decreased. Therefore, 
it becomes impossible to form the high-density image. 
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SUMMARY OF THE INVENTION 

A main object of the present invention is to provide an electrophotographic developer which can certainly prevent 
blur of the image, such as forward flow or backward flow, while maintaining a high image density. 

The electrophotographic developer to accomplish the above object comprises a magnetic carrier and a toner, 
wherein a voltage-dependent index Y of the developer, obtained from resistance values R 50 o (Q ■ cm) and R 2 soo 
(Q. ■ cm), which are measured at electric field strengths of 500 V/cm and 2500 V/cm, respectively, in accordance with 
the formula (1): 

Y = log(R 500 )/log(R Z500 ) (1) 

and 

a number proportion X (%), in the total toner, of a non-charged toner which is within a region of the formula (2): 

Q/D < 0.2 (2) 

in a charged amount distribution of toner defined by a charged amount Q (femt C) and a particle size D (prn) of the 
toner, are in a relation satisfying the following formula (3). 



Y > 3X/400 + 1 (3) 

According to the electrophotographic developer of the present invention, it becomes possible to certainly prevent 
blur of the image, such as forward flow or backward flow, while maintaining a high image density. 

That is, the present inventors have studied to define a voltage dependence of the resistance value in the developer 
comprising the magnetic carrier and toner, not only magnetic carrier. That is, it has been considered that the amount of 
the toner to be adhered onto the surface of the photoconductor is determined by not only resistance value of the magnetic 
carrier, but also resistance value of the developer comprising the magnetic carrier and toner and, therefore, blur of the 
toner to the vicinity of the image part can be prevented by enhancing the edge effect while maintaining the high image 
density of the solid image part when the voltage dependence of the resistance value of the developer is increased. 

Therefore, the present inventors have defined Y calculated from the above formula (1) by using the resistance value 
R500 " cm) at the electric field of 500 V/cm and the resistance value R2500 " cm) at the electric field of 2500 V/cm 
as the voltage-dependent index of the resistance value of the developer, and studied about the range of Y wherein blur 
of the image can be certainly prevented while maintaining the high image density. However, it became apparent that 
blur of the image can not be certainly prevented, sometimes, even if the value of Y is the same. 

Therefore, the present inventors have studied about other parameters of the developer. As a result, it has been 
found that the distribution of the charged amount of the respective toner particles is another important factor of blur of 
the image. 

That is, even if the voltage dependence of the resistance value of the developer satisfies the level enough to prevent 
blur of the image, sufficiently, the respective toner particles constituting the toner image are not firmly fixed onto the 
surface of the photoconductor by an electrostatic attraction force, when the charged amount of the respective toner 
particles varies widely. Particularly, when the proportion of the non-charged toner of which charged amount is not more 
than the predetermined value is large, the toner particles are liable to be scratched off by the magnetic blush. As a result, 
blur such as forward flow or backward flow is liable to be generated. 

To the contrary, as the proportion of the non-charged toner is decreased, the respective toner particles are firmly 
fixed onto the surface of the photoconductor by an electrostatic attraction force. Therefore, the generation of blur due to 
scratching off of the magnetic brush, such as forward flow or backward flow can be prevented, more certainly. 

Therefore, the present inventors have determined the range wherein blur of the image can be certainly prevented 
while maintaining the high image density, which is defined by both of a number proportion X (%) of the non-charged 
toner within a range defined by the formula (2) in the charged amount distribution of the toner defined by the charged 
amount Q (femt. C) and particle size D (fim) to the total toner, and the above<lescribed voltage-dependent index Y of 
the developer. 

Furthermore, according to the developer of the present invention, the proportion of the non-charged toner can be 
reduced and, therefore, it becomes possible to prevent contamination of the formed i mage or interior of the image forming 
apparatus by decreasing toner scattering. When the proportion of the non-charged toner becomes small, the apparent 
density of the developer becomes small and the fluidity thereof is improved. Therefore, it becomes possible to stir the 
developer easily and to prevent blocking of the developer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph illustrating a relation between the voltage-dependent index Y and number proportion X (%) of the 
non-charged toner to the total toner in the respective toners obtained in Examples and Comparative Examples 
s Fig. 2 is a schematic perspective diagram illustrating an apparatus for measuring a resistance value of the respective 

developers of Examples and Comparative Examples. 

Fig. 3 is a schematic cross section illustrating an apparatus for measuring a charged amount of the toner in the 
electrophotographic developers of Examples and Comparative Examples. 

Fig. 4 is a graph illustrating one embodiment of a charged amount distribution of the toner, which is obtained by the 
w charged amount of the toner measured with the apparatus of Fig. 3. 

DETAILED DESCRIPTION OF THE INVENTION 

In the present invention, as described above, it is necessary that the voltage-dependent index Y of the developer 
and number proportion X (%) of the non-charged toner in the total toner satisfy the above formula (3) A straight line 
which is indicated by a dashed line in Fig. 1 , corresponds to the following formula (30) 



15 



Y = 3X7400 + 1 (30 ) 

In Fig. 1 , the region above this straight line (30) corresponds to the range satisfying the above formula (3) 

When the above index Y and number proportion X do not satisfy the formula (3), that is, in the region of the straight 
line (30) and below the straight line (30) in Fig. 1, the proportion of the non-charged toner is too large in comparison 
with the voltage dependence of the resistance value of the developer. Therefore, blur of the image, such as forward flow 
or backward flow, can not be certainly prevented. 

Furthermore, the voltage-dependent index Y is preferably within a range of 1 .00 to 1 .30. The index Y indicates a 
relation between the applied voltage and resistance value, as described above. Regarding the magnetic carrier and 
toner, the higher the applied voltage, the lower the resistance value is, while the lower the applied voltage the higher 
the resistance value is. Therefore, it is impossible that the voltage index Y is less than 1 .00, that is, the higher'the applied 
voltage, the higher the resistance value is, while the lower the applied voltage, the lower the resistance value is When 
the index Y exceeds 1 .30, there is a problem that so-called carrier flow is generated at the solid image area of the formed 
image because the voltage dependence is too strong. Furthermore, it is more preferred that the index Y is within a range 
of 1 . 1 5 to 1 .25 because of such a producing reason that no scatter in characteristics of the respective carrier oarticles 
is observed. K 

F ™ i * e [™ re ' rt ls P reterred that the num ber proportion X (%) of the non-charged toner in the total toner is not more 
than 40 %. When the number proportion exceeds 40 %, the proportion of the non-charged toner is too large Therefore 
in order to satisfy the formula (3), the index Y exceeds the above range, thereby causing a problem that carrier flow is 
generated at the solid image area, as described above. Furthermore, it is more preferred that the number proportion X 
(%) is not more than 20 % so as to prevent toner scattering. 

The electrophotographic developer of the present invention is composed of at least two components, i.e. magnetic 
earner and toner. If necessary, various surface treating agents such as hydrophobic silica (fluidizing agent) can also be 
added to the toner particles. 

In order to adjust the voltage dependent index Y of the electrophotographic developer, there can be used various 
methods, such as method of adjusting the voltage dependence of a magnetic carrier or a toner, a method of adjusting 
a proportion of a magnetic carrier, a toner and a surface treating agent, method of changing the kind of a surface treating 
45 agent, etc. 59 

Among them, as the method of adjusting the voltage dependence of the magnetic carrier, for example there can 
be used a method of changing the composition or particle size of the magnetic carrier. When the magnetic carrier is 
produced by sintering the magnetic powder, the burning conditions such as temperature or time may be changed In 
case of magnetic carrier which additionally has a resin coat layer, the composition and thickness or producing condition 
so of the resin coat layer may be changed. 

As the method of adjusting the voltage dependence of thetoner. for example, there can be used a method of chanqina 
the composition of the toner. y a 

On the other hand, in order to adjust the number proportion X (%) of the non-charged toner included in the total 
toner, there can be used the following methods: 

© method of adjusting the composition of a coating resin of a carrier, 
© method of adjusting the kind and amount of an electric charge controlling agent of a toner 
® method of adjusting the dispersion state of a carbon black in a toner particle when using a conductive carbon 
black as a colorant, and 
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® method of adjusting the combination and amount of a surface treating agent. These methods may be used in 
combination. Among them, it is preferred to employ methods of (J) and/or @ . 

As the magnetic carrier and toner, which constitute the electrophotographic developer of the present invention there 
can be used those of various constructions, which have hitherto been known. 

Examples of the magnetic carrier include particles of iron, oxidation treatment iron, reduced iron, magnetite copper 
silicon steel, ferrrte, nickel, cobalt, etc.; particles of alloys of these materials and manganese, zinc, aluminum etc : 
particles of iron-nickel alloy, iron-cobalt alloy, etc.; particles wherein fine powders selected from the above various mate- 
rials are dispersed in a binding resin; particles of ceramics such as titanium oxide, aluminum oxide, copper oxide mag- 
nesium ox.de. lead oxide, zirconium oxide, silicon carbide, magnesium titanate. barium titanate. lithium titanate lead 
titanate, lead zirconate. lithium niobate. etc.; particles of high dielectric constant substances such as ammonium' dihy- 
drogen phosphate (NH4H 2 P0 4 ). potassium dihydrogen phosphate (KH2PO4), Rochelle salt etc 

Among them, iron powders (e.g. iron oxide, reduced iron, etc.) or ferrite particles are particularly preferred These 
particles allow to form an image having a good image quality, because a change in electric resistance due to an envi- 
ronrnental change or a change with time is small and a head of a magnetic brush is soft. These particles are also cheap 
Examples of the ferrite particle include particles of zinc ferrite. nickel ferrite. copper ferrite. nickel-zinc ferrite man- 
ganese-magnesium ferrite. copper-magnesium ferrite. manganese-zinc ferrite, manganese-copper-zinc ferrite etc 
The particle size of the magnetic carrier to be formed is about 10 to 200 urn. preferably about 30 to 150 urn Fur- 
so emu/g° re ' SatUrati ° n ma 9 netizati ° n ° f *• magnetic carrier is not specifically limited, but is preferably about 35 to 70 

Examples of the resin of the resin coat layer, which may be formed on the surface of the magnetic carrier include 
(meth)acryl.c res.n (i.e. acrylic resin or methacrylic resin), styrene resin. styrene-(meth)acrylic resin, olefin resin (eg 
polyethylene, chlorinated polyethylene, polypropylene), polyester resin (e.g. polyethylene terephthalate. polycaitoonate) 
unsaturated polyester resin, vinyl chloride resin, polyamide resin, polyurethane resin, epoxy resin, silicone resin fluor- 
2s ocarbon resin i(e.g. polytetrafluoroethylene. polychlorotrifluoroethylene. polyvinylidene fluoride), phenol resin Xylene 
resin, diallyl phthalate resin, etc. ' 

Among them, it is particularly preferred to use (meth)acrylic resin, styrene resin. styrene-(me1h)acrylic resin silicone 
resin or fluorocaibon resin in view of friction charging properties with toner, mechanical strength, etc. The above resins 
may be used alone or in combination thereof. ~ 

It is preferred to add a thermosetting resin such as melamine resin to (meth)acrylic resin, styrene resin or styrene- 
(meth)acrylic resin, as a crosslinking agent and a charging properties modifier. The amount of the thermosetting resin 
is preferably about 0.1 to 5 % by weight, based on the amount of the (meth)acrylic resin etc 

Furthermore, there can be optionally added a small amount of additives for adjusting'the characteristics of the resin 
coat layer, such as silica, alumina, carbon black, fatty metal salt. etc.. to the resin coat layer 

The film thickness of the resin coat layer is about 0.05 to 1 (Jim. preferably about 0 1 to 0 7 urn 
In order to form a resin coat layer on the surface of the magnetic carrier, the respective components constituting 
the resin coat layer are firstly dissolved or dispersed in a suitable solvent to prepare a coating material, and then the 
coating material is applied on the surface of the magnetic carrier. The solvent is removed by drying with heating to cure 
in© resin. 

As the applying method of the coating material, there can be used any method, such as 

(D method of mechanical mixing, which comprises uniformly mixing a magnetic carrier with a coating material with 
a mixer such as V-type blender, Nauta Mixer (trade-name), 

© method of spraying, which comprises spraying a coating material to a magnetic carrier, 
45 ® method of dipping, which comprises dipping a magnetic carrier into a coating material, 

<3) so-called fluidized bed method, which comprises charging a magnetic carrier in a fluidized bed type coating, 
apparatus, supplying air from the lower part of the coating apparatus to float the magnetic carrier, thereby putting 
into a fluidized state, and then spraying a coating material to the magnetic carrier of a floated and fluidized state 
© tumbling bed method, which comprises bringing a magnetic carrier in a tumbling state into contact with a coating 
so material, etc. * 

t f* * he so ^ en1 for """no ma,erial - ^ example, there are aromatic hydrocarbons such as toluene, xylene; halogen- 
a ed hydrocarbons such as trichloroethylene. perchloroethylene; ketones such as acetone, methyl ethyl ketone- cyclic 
ethers such as tetrahydrofuran. alcohols such as methanol, ethanol. isopropanol. 
ss The toner constituting the electrophotographic developer, together with the magnetic carrier, is prepared by dispers- 
ing a colorant, an electric charge controlling agent and various additives in particles of a fixing resin, accordL to the 
same manner as that used in a conventional technique. -wooing 10 me 

Examples of the fixing resin include styrene resin (monopolymer or copolymer obtained by using a styrene or a 
substituted styrene) such as polystyrene, chloropolystyrene. poly-a-methylstyrene. styrene-chlorostyrene copolymer. 
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styrene-propyfene copolymer, styrene-butadiene copolymer, styrene-vinyl chloride copolymer, styrene-vinyl acetate 
copolymer, styrene-maleic acid copolymer, styrene-acrylate copolymer (e.g. styrene-methyl acrylate copolymer styrene- 
ethyl acrylate copolymer, styrene-butyl acrylate copolymer, styrene-octyl acrylate copolymer, styrene-phenyl acrylate 
copolymer), styrene-methacrylate copolymer (e.g. styrene-methyl methacrylate copolymer, styrene-ethyl methacrylate 
copolymer, styrene-butyl methaaylate copolymer, styrene-phenyl methacrylate copolymer), styrene-a-chloromethyl acr- 
ylate copolymer, styrene-acrylonitrile-acrylate copolymer, polyvinyl chloride, low-molecular weight polyethylene low- 
molecular weight polypropylene, ethylene-ethyl acrylate copolymer, polyvinyl butyral, ethylene-vinyl acetate copolymer 
rosin-modified maleic resin, phenol resin, epoxy resin, polyester resin, ionomer resin, polyurethane resin, silicone resin' 
ketone resin, xylene resin, polyamide resin and the like. These may be used alone or in combination thereof. 

As the colorant there can be used various colorants, which have hitherto been known, according to tints of the toner 

Examples of the colorant include the followings. 

(Black color) 



carbon black, nigrosine dye (C.I. No. 50415B), lamp black (C.I. No. 77266), oil black, azo oil black, etc. 
{Red colon 



Du Pont oil red (C.I. No. 26105), rose bengal (C.I. No. 45435). orient oil red #330 (C.I. No; 6050); etc: 
{Yellow color) 



chrome yellow (C.I. No. 14090), quinoline yellow (C.I. No. 47005), etc. 
(Green color) 



malachite green oxalate (C.I. No. 42000), etc. 



(Blue color) 

chalco oil blue (CI. No. azoec blue 3). aniline blue (C.I. No. 50405), methylene blue chloride (C.I. No 5201) ohthalo- 
cyanine blue (C.I. No. 74160), ultramarine blue (C.I. No. 77103), etc. 

These can be used alone or in combination thereof, ft is preferred that the colorant is used in an amount of 1 to 20 
parts by weight, based on 100 parts by weight of the fixing resin. 

Among the above colorants, a carbon black is particularly preferred in case of black toner. 

The electric charge controlling agent is blended to control the friction charging properties of the toner, and any one 
of electric charge controlling materials for controlling positive electric charge and negative electric charqe may be used 
according to the charged polarity of the toner. 

Among them, as the electric charge controlling agent for controlling positive electric charge, there are various electric 
charge controlling agents, which have hitherto been known, such as organic compounds containing a basic nitrogen 
atom, e.g. basic dye. aminopyrin. pyrimidine compound, polynuclear polyamino compound, aminosilanes. 

On the other hand, as the electric charge controlling agent for controlling negative electric charge there are oil- 
soluble dyes such as nigrosine base (CI5045), oil black (CI26150), Bontron S (trade-name), Spilon black (trade-name) • 
electnc charge controlling resins such as styrene-styrenesulfonic acid copolymer; compounds containing a carboxyi 
group, such as metal chelete alkyl salicylate; metal complex dye, fatty metal soap, fatty acid soap, metal naphthenate etc 

The electric charge controlling agent is used in an amount of 0.1 to 10 parts by weight, preferably 0 5 to 8 Darts bv 
weight, based on 100 parts by weight of the fixing resin. y 

Furthermore, it is preferred that the proportion of the electric charge controlling agent which is present on the surface 
of the toner particle (i.e. surface dye density) is not less than 30 % by weight, based on the total weight of the controlling 
agent to be added to the toner. This is because the above-described blur such as forward flow backward flow is consid- 
erably generated when using the toner of which surface dye density is not less than 30 % by weight, as described above 
and the advantages of the present invention are remarkably exhibited, particularly in the toner of which surface dve 
density is not less than 30 % by weight. * 

In the present invention, it is also possible to apply to a toner of which surface dye density is less than 30 % by weight 

It is also possible to blend an anti-offset agent to the toner to impart an anti-offset effect in the toner in addition to 
the above respective components. 

Examples of the anti-offset agent include aliphatic hydrocarbons, aliphatic metal salts, higher fatty acids fatty acid 
esters or partially saponified material thereof, silicone oil, various waxes. Among them, aliphatic hydrocarbons having 
a weight-average molecular weight of about 1000 to 10000 are particularly preferred. Examples thereof include low- 
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molecular weight polypropylene, low-molecular weight polyethylene, paraffin wax, low-molecular weight olefin polymer 
combiriatiLTherS haVi " 9 " **** *' SW,COne **• and ,hey may be sui,ably used alone or in 

The anti-offset agent is used in an amount of 0.1 to 10 parts by weight, preferably 0.5 to 8 parts by weight based 
on 100 parts by weight of the fixing resin. ^ ' a5ea 

In addition, various additives such as stabilizer may be blended in the appropriate amount 
The toner can be produced by uniformly melting and kneading a mixture, which is obtained by uniformly premixing 
the above respective components with adry-blender. a Henschel mixer, a ball mill. etc.. with a kneading apparatus such 
as a Banbury mixen roll, a single- or twin-screw extruder, cooling the resulting kneaded mixture, followed by pulverizing 
and optional classifying. It can also be produced by a suspension polymerization method 

n-*w ref *"ed that the particle size of the toner is preferably 3 to 35 urn, particularly 5 to 25 urn. In case of small 
particle size toner far the purpose of enhancing the image quality of the image to be formed, the particle size is preferably 
about 4 to 1 0 |Jim. 7 

hith^h!^^ 1rea !l n9 a96nt ,0bB atWed 10 the toner ' there «" be used various surface treating agent, which have 
hitherto been used such as inorgamcf.ne powder, f luorocarbon resin particle. Among them, silicasurface treating agents 

surtabTyusXarSrJ ydr ° Phi ' iC ^ fine partides < e 9 uHrafine Palate silica anhydride, colloidal silica) are 
An amount of the surface treating agent to be added is not specifically limited and it may be the same as a conven- 
SLTe^' i^ amP 6 L ,tiS Preferred t0 ■* * e Surface treatin9 agent in an amount of about 0.1 to 3.0 parts by 
devfate tom^ra e ° f PartiCle ' ^ ^ ,he am ° unt ° f *" Surtace as > ent 

The toner density in the electrophotographic material of the present invention is the same as a conventional density, 
i.e. aDout d. to 15 % by weight. 

The developer of the present invention can be used for an image forming apparatus utilizing the above-described 
forward or reverse d.recbon type magnetic brush developing method. In case of forward direction type, forward flow can 
be effectively prevented. In case of reverse direction type, backward flow can be effectively prevented 

As described above, according to the electrophotographic developer of the present invention, it becomes possible 
to certainly prevent blur of the image, such as forward flow or backward flow, while maintaining the high image density. 

30 EXAMPLES 

The following Examples and Comparative Examples further illustrate the present invention in detail. 
Example 1 

35 

(Production of magnetic carrier) 
bedm^fo^ 



20 



25 



50 



(Production of toner) 

"P rin!« r^miiPil 0 ^ ^V"*^'**! as » ha «™9 resin. 8 parts by weight of carbon black (trade name of 
XTn^ mIl in? ; ? ^ I T 3 C °;U Ltd } 85 thS COloran, • 1 5 paris * wei9h t <* electric charge controlling resin 
for corrtrollmg negative electric charge (Bontron S34. manufactured by Orient Kagaku Co.. Ltd.) and 1 .5 parts by weiaht 
of a polypropylene wax (trade name of "Biscoal 550P". manufactured by Sanyo Chemical Industries Ltd I as the release 
agent were rmxed and. after meWng and kneading at 1 5 0 «C for 10 minutes, the mixture was puSiS anTclasS 
to prepare a toner particle having an average particle size of 12 |im. 

"pq-S. 100 ^t^Xu °? t0ner Par,iC,e 0b,ain6dl 0 2 parte b * wei 9 ht of a hydrophobic silica (trade name of 
R972". manufactured by Ninon Aerogyl Co.. Ltd.) as the surface treating agent was added to prepare a toner. 

ss (Production of electrophotographic developer) 
ane^o^ 
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Example 2 



According 1 .the i same manner as that described in Example 1 except for using a magnetic carrier obtained by 
blendmg ,ron ox.de (Fe& 3 ). copper oxide (CuO). zinc oxide (ZnO). calcium oxide (CaO) and magnesium oxWeSX 
5 jn the weight rato of 63:14:14:! :1 (Fe^ 3 :CuO:ZnO:CaO: M gO). burning the mixture at a tempeZe of ZXZ £ 

the surface of this earner core material with 0.15 % by weight of a styrene-acrylic resin using a fluidfeed bZ £S 
an electrophotographic developer was produced. "uiaizeo D ea metnoa. 

10 Example 3 

a mit^T °' h6Same fanner as thatdescribed in Example 1 except for using a magnetic carrier obtained by using 
a mixture of a styrene-acrylic resin and a melamine resin in the proportion (weight ratio) of 100 5 (styrene-acrvHc 

Example 4 

According to the same manner as that described in Example 2 except for changing the burning temoerature of the 
earner core material to 950 °C, an electrophotographic developer was produced. temperature of the 

Example 5 

According to the same manner as that described in Example 1 except for changing the average particle size of the 
carrier core material to 85 jim. an electrophotographic developer was produced. 

Example 6 

silica A tobe SeVas STSSUr 3 f deSWibed EXamP ' e 1 eXCeP ' for Ch3n9in9 the amount ° f * e hydrophobic 
s,l.ca to be added as the surface treating agent to 0.1 % by weight, an electrophotographic developer was produced. 

Example 7 

According to the same manner as that described in Example 1 except for chanoina the meltina and knpaHi™ * am 
Comparative Example 1 

According to the same manner as that described in Example 2 except for using an acryic-modified silicone resin a<8 
Comparative Example 2 

According to the same manner as that described in Example 1 except for using an acryic-modified silicone resin a « 
the coating resin for coating on the surface of the carrier core materia, and changing the cST^rtSeofTo^ 
% by weight, an electrophotographic developer was produced. 0 5 

so Comparative Example 3 

According to the same manner as that described in Comparative Example 2 exceot for charminn ih« „ 
of the coating resin to 0.25 % by weight, an electrophotographic devetopefwas £££ 9 

55 Comparative Example 4 

According to the same manner as that described in Example 2 except for changing the burning temperature of the 
earner core material to 850 «C, an electrophotographic developer was produced. temperature of the 
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Comparative Example 5 

According to the same manner as that described in Example 1 except for changing the melting and kneading time 
upon producing of the toner particle to 5 minutes and changing the surface dye density from 32 % to 40 % an electro- 
photographic developer was produced. 

to thrfollowin^Tits 09raPhiC deVe '° perS obtained in lhe above Examples and Comparative Examples were subjected 
(Measurement of resistance value of developer and calculation of voltage-dependent index Y> 

Regarding the respective electrophotographic developers of Examples and Comparative Examples, the resistance 
value R 600 (n • cm) at the electric filed strength of 500 V/cm and resistance value R^o (« ■ cm) at the electric filed 
strength of 2500 V/cm were measured by using thefollowing method for measuring a resistance value Then the voltage- 
dependent index Y of the developer was calculated from the measured values according to the above formula (1). 

Method tor measurin g resistance valua 

After weighing 200 ± 5 mg of a developer, the developer was subjected to moisture conditioning by exposing in a 
working atmosphere (23± 3 -C. 60 ± 5 %RH) for 30 minutes or more, and then set in a gap 3 of a predetermineddistance 
(2 mm) between a pair of electrodes 2, 2 of a bridge type electric resistance measuring apparatus 1 shown in Fig 2 

The above bridge type electric resistance measuring apparatus 1 is used for measuring an electric resistance of a 
developer in the state wherein the developer is laid between both electrodes 2. 2. like a bridge, by a magnetic force 
between magnets 4, 4 provided behind a pair of electrodes 2, 2, respectively. 

Then, an electric field of 500 V (electric field strength: 2500 V/cm) was applied to the developer between both 
electrodes 2. 2 usrng an ultra-insulation meter 5 connected with a pair of electrodes 2. 2. After 10 seconds, the resistance 
value R2500 (O ■ cm) was determined by reading the value pointed by the ultra-insulation meter 

Then. 5 to 10 seconds have passed since the application of the electric field was stopped, an electric field of 100 
V (electric field strength: 500 V/cm) was applied to the developer between both electrodes 2. 2 using the ultra-insulation 
ins^tetfon^meter 0 SeC ° ndS ' the resistance value R soo (& " cm) was determined by reading the value pointed by the ultra- 

(Measurement of charged amount distribution of toner and calculation of number proportion of non-charged toner) 

Regarding the respective toners used for the electrophotographic developers of Examples and Comparative Exam- 

P l S :i r f at '° n betWeen ^ e Charged amOUnt Q (femt C) and Darticle si2e D <f m ) was determined using the following 
method tor measuring a charged amount. " 

The number of toners having a predetermined charged amount Q (femt. C) and particle size D (urn) was totaled 
from the results and a proportion thereof to the total number of toners was calculated to determine a charged amount 
d.str.but.on of the toner, which is defined by the charged amount Q (femt. C) and particle size D (jim) of the toner, one 
embodiment of which is shown in Fig. 4. Thereby, the number proportion X (%) of the non-charged toner within a region 
of the formula (2) (within a region below the straight line represented by (Q/D = 0.2 in Fig.4) in this charged amount 
distribution to the total toner was calculated. 

Fig. 4 is a graph illustrating a charged amount distribution of the positive charged toner by using a contour line For 
examp e, a contour line on which a numeral 0.25 is described is obtained by connecting plots of toners of which number 
proportion to the total toner is 0.25 % among toners having a specific charged amount Q (femt. C) and partide size D (jim) 



so 



55 



A toner charged amount measuring apparatus 6 shown in Fig. 3 was used. In this apparatus, a nozzle 61 for dropping 
a toner and an air inlet 62 are provided at the upper and center part of a cylindrical body 60. and a pump (not shown) 
is connected with a lower air outlet 63. Furthermore, a pair of electrodes 64. 65 for applying an electricfield are provided 
in the middle of the body 60. and a filter 66 for collecting the toner is set below the electrodes at the position at the 
distance 1 from the front end of the nozzle 61 . 

In case of measuring, the pump was firstly operated and an electric field E indicated by the arrow of the solid line 
in Fig. 3 was applied between both electrodes 64, 65 while passing through an airflow at a constant velocity (velocftv 
vd from the air inlet 62 to the air outlet 63. as shown by the chain line in Fig. 3. 

Then, the electrophotographic developer of the respective Examples and Comparative Examples is charged and 
he magnetic carrier is separated from the toner. Thetoner in the charged state immediately after separation was dropped 
from the nozzle 61 into the body 60 while counting the number of the toner to collect it with the filter 66 
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a „ a , , t . C0 " eCtm9 3 P rede,ermined n "mber (about 3000) of loners was subjected to an image 
analyze to measure the part.de size D („m) and distance d of the respective toners. The charged amount Q (feJS 
and particle s.ze D (mn) of the respective toners were determined from the results. 

The toner dropped from the nozzle 61 into the body 60 drops in the direction, which is slightly shifted to the right 
d,re*.onfromme^ 

,h 3 T, i 6 br0k6 : ,i ? Fi9 " 3)> and ^ t0ner is C0llected at *• P° sition at distance d from the ceme of 
* " r;," 6 ,ar9er 816 Char9ed am ° Unt ° (,emt C) and the smal,er the P af « de D 0w» mi 2 
d from the center becomes large. S.nce the electric field E and velocity of the air flow v 2 are constant as described 

fnnT'a ^° Ve T d I*! a . Cerlain re ' ati0n Wth ,he Charged amount Q ( femt - C > and P ar «cle size D ((1 m) of tne 
k ■^?' d u n9 y> 35 d6S f nb6d ab0V6, When * e ,i,ter 66 used for co,tectin 9 the predetermined number owners is 

amount Q(femt.C) and particle size D (nm) of the respective toners can be determined. 



(Practical machine test) 



A black and white manuscript was copied, using the electrophotographic developer of the respective Examples and 
Compare Examplesfor an electrostatic copying machine<DC0415. rronufacturedbyM^^ 

mages was measured using a reflection densitometer (TC-6D. manufactured by Tokyo Denshoku Co.. Ltd ) In addition 

to the following criterion of four levels. y 
© : No forward flow is observed. 

O : Slight forward flow is observed, but causing no problem on practical use. 
X: Some forward flow is observed. 

XX: Severe forward flow is observed, and is impossible to put to practical use 

nrJ^nnY^^ ^ 1 ' addM ° n ' betWeen ^e-dependent index Y and number 

proportion X (% of the non-charged toner in the total toner in the respective Examples and Comparative Examples is 
shown ,n Fl g.1. Incidentally. Q and X indicate the results of Example and Comparative Exarrp^resp^ 
more, the numerals put closely to Q and X indicate Example Nos. and Comparative Exempt Nos r^pSv^ 



TABLE 1 



EXAMPLE NO. 


R500 " cm) 


R2500 * cm) 


Y 


X 


FORWARD FLOW 


IMAGE DENSITY 


1 


2.5 x ion 


2.4 x 109 


1.22 


7.5 


O 


1.40 


2 


1.4 x 1010 


4.6 x 109 


1.05 


3.5 


O 


1.45 


3 


1.0 x 1013 


1.6 x 1010 


1.27 


8.3 


® 


1.37 


4 


8.7 x 1010 


1.3 x 109 


1.20 


13.5 


O 


1.41 


5 


9.0 x 1010 


1.9 x 109 


1.18 


17.0 


O 


1.39 


6 


1.2 x 1011 


1.0 x 109 


1.23 


18.7 


O 


1.42 


7 


5.0 x 1010 


1.7 x 109 


1.16 


16.5 


O 


1.39 


COMR EX. 1 


1.7x 109 


6.5x108 


1.05 


9.6 


' X 


1.44 


COMP. EX 2 


6.0 x 109 


2.7 x 108 


1.16 


48.7 


XX 


1.45 


COMR EX. 3 


7.0 x 109 


3.0 x 108 


1.16 


25.5 


X 


1.46 


COMR EX. 4 


6.3 x 1010 


1.8 x 109 


1.17 


23.0 


X 


1.44 


COMR EX. 5 


1.3 x 1010 


4.5 x 108 


1.17 


47.0 


X 


1.45 
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Claims 



1 . An electrophotographic developer comprising a magnetic carrier and a toner, wherein a voltage-dependent index 

l^^ e fi2r 0Per ;K 0bt f^ 'T resistance values R soo (Q • cm) and R 2S00 (11 • cm), which are measured at 
electric field strengths of 500 V/cm and 2500 V/cm. respectively, in accordance with the formula (1): 

Y = log(R S00 )/log(R 250O ) (1) 
a number proportion X (%), in the total toner, of a non-charged toner which is within a region of the formula (2): 



and 



Q/D < 0.2 (2 j 

toner har9ed am ° Unt diStribu1ion of toner deHned by a char 9 ed amount Q ( fer ™- C) and a particle size D (urn) of the 
have a relation satisfying the following formula (3). 

Y>3X/400 + 1 (3) 
2 " oTl 00?° 30° to9raPhiC deVel ° Per acco,din 9 10 claim 1 ■ wherei " <he voltage-dependent index Y is within a range 

3. The electrophotographic developer according to claim 1 , wherein the number proportion X (%) of the non-charged 
toner to the total toner is not more than 40 %. 
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FIG. 4 
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